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A comparison of corrosion protection by types of curing

agent in high solid epoxy coating.

JUN-HAK SUNG

Department of Industrial Chemistry

Graduate School of Pukyong National University

Abstract

VOC emition is ‘one of the serious issue in the world. In the fields of
shipbuilding and heavy duty epoxy coatings, high solid and solvent free types
of epoxy coatings are alternatives to cut down VOC.

To achieve', the high solid- and Solvent free epoxy coatings, It is
recommended to use “epoxy- resin and amine curing agent which have low
molecular weight and~low .viscosity properties.. And it is important that
doesn't affect other physical and chemical properties of coatings in
comparison with general solvent-types coating.

In this research, epoxy high solid coating was composed by
DGEBA(EEW-190), reactive diluent, four different amines (DEAPA
—-Diethylaminopropylamine, IPDA-Isophoronediamine, MXDA-Meta xylene
diamine, TMD-Trimethylhexamethylenediamine), non-reactive diluent and
additive.

12 different tested panels were made with four kinds of amine and three

different chemical-equivalent ratio between epoxy and amine curing agent.

_Vi_



To evaluate the anti—corrosion property of films, it was tested in accordance
with ASTM B117(Salt spray exposure test) and Impedance test methods.

In the results of test, we found the MXDA type curing agent had best
anti—corrostion property when mixed chemical-equivalent ratio was 1.16 : 1.
DEAPA type curing agent had good properties in the adhesion test as well
as in impact resistance test. In the hardness of film test, TMD had excellent

property among four different amines.
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Table 1. Application of Bisphenol A type Epoxy resin according

to Mol. W.
Mol. W EEW | Curing agents & Modifier Applications
) ) Shipbuilding, Bridge, Pipes,
450 Polyamine, Polyamide .
1. 90071200 700 Lining
Diecyandiamide, Imidazole Electric deposit coating
Fatty acid Epoxy ester
2. 130072700 | -
Powder coating, Toner
. 1-pack coating,
Melamine,Urea,Resol type .
3. > 2700 - Food,Water container,
Phenol, Isocyanate
PCM
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Table 2. The Properties & Application of Cycloaliphatic Epoxy Resin.

Properties Application
1 §4 A NaOH & A83H4 ekg.
(_H O}H g 9o ° 1. Transformer, coil ¥ HAAF-E9] Body
10Nsg Er= VAT .
‘ _ 9} B2 &
2. 2% 7A3lo WA A 9@ g3 Ag
samel ol WA K WEY ) Sagaes waw e aad @
o] F3 AAo] A
=3
3 Wdgel 4 e
4. W tracking’d 59 A7) HEAo] o4 3. Filamentwinding
s wedel we |4 984 T LEDEAL 4
v = AN
Zoz Aled
6. Aelmol HAA7] 4% oo e,

213 B3A 7 R 54
1) 7 3tA

gt dFA] TR = ASAE B2 3§17 Oxirane”)] ¢t Hydroxy
71ek Mgstel AR =S AT oy @ wes sl
e A R 9 S EP(Es A 2T Amine (13}, 23, 33,

AL FEFEER LI SRS WERER, Lewis

NEAFAL AoAle =2 FPAEI $AFFEWPon ©F
shedl FRhY AsAE Asahy Fol B4 £ 45 wsae
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Table 3. The types of Acid anhydride curing agents.

Types Raw Materials
Aliphatic DDSA, PADA, PSPA
Acid anhydride | Cycloaliphatic | Me-THPA, Me-HHPA, MHAC, THPA
Aromatic PA, TMA, PMDA, BTDA
Halogen HET, TBPA

3) #7F SH(EFW)F 2 3}HA

W

b T94E dskAl= S92 2H83to] Oxirane 7| dHEZ= 2o

AAANZNY. ol FREE_Tewis A F717F gew g Fa3d

mﬁ -

Lewis At Z3gtA= boron trifluoride monoethylamine complex(BF3,
MEA) o™ Lewis 97|23 F=2 3% opulF7} 9le}. %4

Zu] A3Adle= F=2 AH=E dds HE7] Wl el 7
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of el A

Table 4. Mono- and Di-functional Epoxy reactive diluents.

Viscosity

Function

Diluent Structure (cps) —ality EEW
Butyl glycidyl o _
ether Hac—sz)a—o—CHz—A 1 1 145-155
Phenyl glycidyl QO_CH Z_A 4-7 1 155-170
Cresyl glycidyl o on, N 5-20 1 170-195
2-Ethyl hexyl HC—CHs Q _ N
glycidyl ether Hsc—(CHz)s—(‘:H—CHZ—O—CHZ—A 2715 1 215-230
Mﬁno—gflycidyl 4
ether of a
C117C13 linear H3C——(CH ,);, —O—CH Z—A 5715 1 215-230
aliphatic alcohol
Mﬁno—gflycidyl &
ether of a
C13°C15 linear fo— a0 W 520 1 275-300
aliphatic alcohol
Neopentyl glycol Lmﬁoﬁmfi’t%,o,% WaN
diglycidyl ether I 16 2 135
P-tertbutylphenol Haciih o —on LN
glycidyl ether I, 2 2 135
1,4-Butadiene" diol Q 0
diglycidyl ether A—CH;—O—@HZ)A—O—CHZ—A 16 2 127
R inol i -
diegsl‘;,rccig;‘i ether A—CHz—o—@o—caz—A 300-500 2 127
Trimethylol [—— —pa
propane Hao o i—d ——cn s o L 265 3 165
triglycidyl ether T T T

R, O °
Glycidyl N D AN _
neodecanoate A I 7 1 244-256
R,
el wrgd HNAE AE Ash T3 olsldw EWRAL ol
Aot Wetting S FJAIA F24 S 2o, Ao Ex4x
ol A8 WEAARE FEEANT WekEAd, WEAel AstEe=

ARl 9rp
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Fig. 4. Calculated impedance diagram(Nyquist plot) for degraded
coated steel.(A)

Equivalent circuit and calculated impedance diagram

(Bode plot) for degraded coated steel.(B)

_19_



i
=

(1) ol M=+

Al
2

]_

(1
i

o]
el

j=z]
=

B

o

1

o

o 7}

delnE 2 &,

A~ =
T=
REs

\

A= g
ool A= Cole-Cole plote]gtar e *] 1

R + jX

Z
LHERA 7]

[e)

=

Nyquist plot
21t} Nyquist plote Figd oA ¢ o] A%

ol

X

’

=
T

o Fsheel o
o 5

=

YZ

[e)

L

olt}. 3# Bode plot

)
¢

el

‘o

=
HH

=
U

ted debhz] o

2 #s

7}

(e}

|

Ry

&7

o

LR

o
=

A

o] =4

o~

to A AEske] B alzp @5 23 ]

°©

L

t}. Figd oA H

7V7F 7

(e}

[e)]
2R
|

o~
T
T

a-

IH,NO
_ZTI

el

A

Bode plote] $-<F3sfthar

-

13

gl el

-

1

St

°

a4

)

Far

°

—)

%ol ¢

= Fig. 5 oA YeEhd

o WS

2 o

1 o
80

E]_]—

]

o

_20_

o] Fa o] A AFEE Aoz Bauya 9o



|_ Good |

- Aging |

_ Excellent _

| begins

Poor

10

‘ Coating impedance, Log Z(Q+cm?) at 0.1Hz I

Fig. 5. The key for interpretation of the impedance data.

2.2.2 TR 9y

1 mAEA S} 7] s

47 €

e

ot a3y =9 o

SEER L ELE

-
1

o

¥
ES

o

St} blistering @} S 24

ol Ratele] A

ol

sttt

7V7v 7bs
2:9] capacitancet

2

b

Moz

183&< &

%
o

S A shel 4

KN
T

_ZTI

)
—_

N
NJo

vzl

_ZTI

&3t

42 o

9]

e EECRte]

_21_



skt

=
[€)

7}

(2

|

8.854x1072F /m

E], o (

=3 Brasher and

JERd

_ZTI

Kinsbury 2Jol °o]&jA =

3)

log (C;/ C,) /10g80

b=

ol

iz

2. 20T A<

& gholth 80

_22_



3.1 A&

3.1.1 A ZA X

NEA FAL AUFYAE JEA FARE L &= o
F2 AHgEE Bisphenol A¥ ol#sd 7B F4 (DGEBA)E 543
Agel TR AERA SAY Fre pUF ey gde

Fig. 6 o A% BRe} )

(l:Hg (l:HEI
CH Z/CHCHZ{O—@(|:©OCH2(|:HCH2]»(}©(|:—@OCHZCQ —/CH 2
\0 CH; OH " CH; (o}

n=0 ; 85%, n=1 ;15%. EEW=190] , Viscosity = 11000 = 15000 cps
Fig, 6. The molecular structure of DGEBA.
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3.1.2 ¥r&4 3 XA

Ao AtgH ¥r3A 3] A= C13-15 linear Aliphatic alcohol®]
Monoglycidyl ether E}] Aglo] aE ALLsALE ALEH
3 =

b A A Eak ek it =94 JZ S Fig. 7ol UERSL

CH;— (CH3)1i7— O0—CH>—CH—CH3
(o]

Viscosity : 5 — 20 ¢cps , EEW : 290
Fig. 7. The molecular structure of Monoglycidyl ether Aliphatic alcohol
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3.1.3 o}%l A3&A

Aol AFEE olWl AsAlE T 47HA] BYoE 5Eg FAglo] 1Y
2 AREStT AEE AskA B EAEe 284 54 & Table
5¢ e LT

Table 5. The properties of Amine.
Amine DEAPA MXDA TMD
- A A s
. : Trimethyl
Diethylamino Isophorone Meta-xylene
Name propylamine diamine diamine gie;;aqﬂ}gthylene
; : : Cyeloaliphatic : Branched
Type Aliphatic amine g d Arylyl amine alikhatic amine
CH, NHy s
HzN-CHa-?-CHz-CH-CHz-CHz-NH
Mol | CH-.,Q CHaMNH; CHZLO
olecule | GHs. ¢ %o
N=(CH)s- Hy ™~ CHNH
Structure | 'CHs” (Cha- g 1 ? cHy
Gis © 759 CHzNHz HQN-CH;-CH-CH)-IC-CH)-CH;-NH;
. o
CH, CH,
Trans : 25% 60%

Mol. W 128 170 136 158

H.EQ 64 43 34 39.6

Viscosity 2 mPas 18 mPas 6.8 mPas 6 mPas

Specific

gravity 0.825 0.9225 1.052 0.867

Freezing _EA¢ o o Cane

point 50T 10C 14C 80T

;ﬁepsos‘gre 5.3 mmHg 0.015 mmHg 15 mmHg 0.015 mmHg
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3.14 F7}HA

112

ol A& H7 A= Acrylate Copolymer HE]C] Leveling agent®

T7o AeAs 24d3le] Tyt AeS ASIAI7IE BEHow 5 AA
glo] 2 A3 Th Acrylate Copolymere] wrz¢l Rz} Fz¢)
282 EAS Table. 6 o YJEFI

Table 6. General properties of Polyacrylates copolymer Leveling agent.

Type P f i i -_'POIY?-_éryla.-teS.ﬂ)\\pol\Ymer
R1
R1 = -H (Acrylate) |

¥ C-CH;
Molecule CH: (Methacrylate) |
Structure B R2= -Alkyl f:o

- Polyester 0

- Polyether |

- Salt R2 f

Specific Gravity. 1.03

Non volitale >98%

Flash point >110C
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3.1.5 H¥k-&A 34 A
Ao AbgE HWFSA 3 A A= Benzene methanol® =59 H =
Astet oyl B4 A dnf EHoz 5 AGA|glo] YR AME

vk ANbAQ EAtzet Eeld 5A4S Table. 791 YeER AT

Table 7. General properties of Benzyl alcohol.

Name erne methanol)

CH,0OH
Molecule Structure
Mol. W 108
Viscosity 6.569 mPas (20Deg.C)

Specific Gravity 1.03

Vapour Pressure 0:008(butyl acetate=1)

Solubility in water |["Solubility in water

Acidity %
(As benzoic acid) 0.08
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32 43 U9

321 =89 Ax

Aol AbgE E=Rs A7 UEd A RS AMEsEAa A, A4S

&3 99 E Table. 8 9, 103 Zo] 37MA 2 EF3F9 3 Amine &l

wpel 27k 47 2 1281 Y =22 Az )

Table 8. The formulation of High solid Epoxy Coating.
(Equivalent ratio - Epoxy : Amine = 1:16 : 1)

Epoxy:C/Af:@:Jl( MMXI}!‘A‘ﬁ 1i. TMD
Epoxy Resin 72.30 72.30 72.30 72.30
Reactive diluent 5.90 5.90 5.90 5.90
Amine 2212 14.72 Wi 13.69
Leveling agent 0.43 0.38 0.36 0.38
Benzyl alcohol 10.99 10.02 9.68 9.95
Total 111.75 103:34 100.00 102.22
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Table 9. The formulation of High solid Epoxy Coating.

(Equivalent ratio - Epoxy : Amine =1 : 1)
Epoxy : C/A = 0.8:1 DEAPA IPDA MXDA TMD
Epoxy Resin 67.24 67.24 67.24 67.24
Reactive diluent 4.98 4.98 4.98 4.98
Amine 28.29 18.83 15.03 17.50
Leveling agent 0.46 0.41 0.38 0.40
Benzyl alcohol 14.05 12.82 12.38 12.73
Total 115.01 104.27 100.00 102.84
Table 10. The formulation of 'High solid Epoxy Coating.
(Equivalent ratio - Epoxy : Amine = 0.8 : 1)
A TN TSN
Epoxy Resin 70.06 70.06 70.06 70.06
Reactive diluent 5.53 5.53 5.53 5.53
Amine 24.82 16.52 1318 15.35
Leveling agent 0.44 0.39 0.37 0.39
Benzyl alcohol 12:33 11.25 10.86 11.17
Total 113.17 103.75 100.00 102.50
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3.2.3 Salt spray A& "

ASTM B-1179] w2} Salt spray 23S A A3kt
AatA B 2 A -AskA &£ G H E 12279 A

S ASTM D 16549 Method 2(Scraping)ol we} XA el = Scribed

H
n
ol
)

areas = WE°] 5 wt%e NaCl 8 do] 35CTE A% = Salt Spray
A Aol Hol 2097 FRAIA zhzbe] Al e 2 Ao} Blistering

A JEE ASTM D 1654 ¢ D 714, D 610 &= 573t 3 7tat .

324 A& AvE 43 ¥H

Salt spray Algd & Al#e] oAHE =3} Blistere] WA AEE Soto
2 Hlu H7tel7)7F g 7] wige A& dnl7d (VIDEO MICROSCOPE
SYSTEM SV-35 ; SOME.TECH)S.& 600 ©] &ujsje] ==t o]#S

H 3L ghakeh gl ok

325 7 4¥Yd: 43 UH

=i
H
a0
P>
A\
o
ftlo
)

?13 Table. 8, 9, 10¢14 ydg 1252 =9 AlHS

471 Avgk ASTM B 117 WRel o3k A&7 Ads At
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D 1141 W& Q1&FalsE AF&staitt.
F 4o H9lE 100KHzol A 10mHz7H A 2 A A ste] SA s e <17}
WHF AYE 50mV, =4 HE decade T H5E AT

=7 W= electrochemical impedance spectroscopy FRA 1260,
Dielectric interface 1296 (SolatronA}, England)E A}-83}31 T}
A== Agbel wE AFagoAe] duds Aoz [Z] 9 g
A= 6 2 EASHE Bode plot &2 LEFY QAT

&= 1og(C,1.C,)/10g80 (3)
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Fig. 8. Schematic of Type IV Self-Alignment Adhesion Tester.
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4. AT A7 o

1y

4.1 Salt spray 248 A3 € n#

Salt spray A& Z3+ Table. 110 eI

Table 11. Test Result of Salt spray test.
(*1: ASTM D1654, *2: ASTM D610, *3: ASTM D714)

oxy : C/A-Eq.W ! = .
;p:\ 116 : 1 1:1 0.8 : 1
Panel ‘No. B2-2 B12-2 B18
X-cut *1
12mm 12mm 12mm
DEAPA (Rust length)
Rust Grade *2 4-P, 10% 4-P, <10% 4-S, 10%
Blister size *3 No.4 Medium No.8 Medium No.9 Dense
Panel No. C4 C12 C15-1
X-cut
10mm Tmm 10mm
IPDA (Rust length)
Rust Grade - = -
Blister size No:6 Medium No.6' Few No.4 Medium
Panel No. D4 D7 D17
X-cut
6mm 6mm Tmm
TR (Rust length)
Rust Grade - - -
. . No.6 No.6
Blister size No.8 Few Medium dense Medium dense
Panel No. El E8 E15
X-cut
(Rust length) 7mm 7mm 10mm
TMD
Rust Grade - - -
. . . No.6 Medium
Blister size No.6 Medium No.4 dense dense
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Table 12. The Microscope photograph of different types of test panel.
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Fig. 9. The impedance test result of DEAPA by types of Eq. W.
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Lot —=—Epoxy : MXDA = 1.16 : 1
~—e Epoxy: MXDA =1:1
. 10° 4] —4—Epoxy : MXDA =0.8:1
G 3
S 3
Q 8 _|
g 107
= 3
2 107—:
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Fig. 11. The impedance test result of MXDA by types of Eq. W.
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Fig. 12. The impedance test result of TMD by types of Eq. W.
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Fig. 17. The comparison of each amine types through the time-lag.

_46_



=
B!

wK

ﬂl

X
g
o
A+
iﬁ
ap
A+

o

)

4 %1 -8 = (100000Hz Y

_ZTI

o)
ey

0

3ol Brasher and Kinsbury 4] &=

o

8% @ ol 8

.U_H

il
-

—=—DEAPA
—eo— IPDA

—A— MXDA
—v—TMD

s HERR AT

Time (Weeks)

Fig. 18. Water uptake ratio by Amine types.

g &

=

=

(%) oneu aeidn 1A\

DEAPA

)
)

o] 20%¢l ©|

A

=

< MXDA

A

-
1l

Al

0

el

o

%

Aol fAt

-
1

IPDA®} TMD

_47_



45 A4 49 2% 2 1 F

ASTM D 4541 w& {2A HAE A
Fig. 199 YERH AT

ro

A#ZE Table. 133

Table 13. The photograph of Adhesion tested panel.

Mixed Ratio

116 11 J——fTF———.  116:1 116 : 1
(Epoxy:CA) : B

= .
e o,

Drying
Condition
25CX 14 day?f
DFT 90-100ym

DEAPA IPDA MXDA TMD

Fig. 19. The chart of Adhesion test result by Amine types.
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Table 14. - The photograph of impact resistance tested panel.

Mixed Rati
1Xel atio 116 : 1
(Epoxy:CA)

Drying
Condition
25CX 14 days
DFT 50um

Value

450mm 250mm 350mm 350mm
(1/2" x 1800g)
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Table 15. The hardness test result of test panel by amine types.

SN DEAPA IPDA MXDA TMD

oA (1.16:1) (1:1) (1.16:1) (1.16:1)
Panel No. B1-3 Qi3 D1-3 E1-3

DFT (ym) 5258 53-57 45-52 45-59
Pencil

Hardness HB HB H H

A3 A3 TMDE A8 =9 Al#He]l A&7 HE 7MY ¢33 A9
ARE 74, g 1 L o2 MXDA, IPDA, DEAPA s<£o= #7}
= Ak
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